In this paper, a Variational homotopy perturbation method is proposed to solve nonlinear Riccati differential equation. By combining the Variational Iteration Method and the Homotopy Perturbation Method, this technique possesses a fast convergence rate with high accuracy. The results reveal that the proposed method is very effective and simple.
Introduction
The Riccati equation plays a great role in blueprint and analysis the linear and nonlinear optimal control problems. Numerical Solution of this equation has been acquired by applying Adomian's decomposition method [1] , homotopy Analysis method HAM [2] , variational iteration method VIM [3] and homotopy perturbation method HPM [4] . HPM introduced by He [5] , it can solve a large class of nonlinear problems activity, accurately and easily.
The application of HPM on nonlinear problems has been implemented by scientists and engineers, because this method is to continuously deform a difficult problem under study into a simple problem easy to solve. VIM proved by JiHuan He [5] . It is simple and powerful method for solving a broad type of nonlinear Problem. It was shown that this method is operative and reliable analytic and numerical purposes. The method gives rapidly convergent successive approximation of the exact solution if such solution existed.
The nonlinear Riccati differential equation [6] has following form The results reveal that the proposed method is very effective and simple. We end this paper by conclusion that reveal that these methods are very effective and convenient for solving nonlinear Riccati equations.
Variational Iteration Method
To illustrate the basic concepts of the VIM we consider the following differential equation [7] [8]
where L is a linear operator, N is a nonlinear operator, and ( ) f x is an inhomogeneous term. Then, we can construct the correct functional as follows
where λ is a general Lagrangian multiplier defined as [9] ( ) ( ) ( ) ( ) 
Homotopy Perturbation Method
To explain this method, we construct the following function [10] ( ) ( ) 0,
With boundary condition
where A is a general differential operator, B is a boundary operator, ( ) 
where
We have
The solution can be written as a power series in p ,
Variational Homotopy Perturbation Method
In this section, we apply the VHPM to Riccati Equation (1), we start this method by applying HPM in Equation (8) on Equation (1), we get
Now we using correction functional in Equation (5) to get ( )
We can obtain ( )
Now we can rewrite Equation (13) in the form
As we see, the procedure is formulated by the coupling of VIM and HPM [11] [12] [13] . A comparison of like powers of p give solutions of various orders.
Numerical Examples

Example
Consider the following classical Riccati differential equation
With initial condition ( )
For the above differential equation, the exact solution [14] is previously known to be ( )
The Taylor expansion of ( ) (17) Suppose that the initial approximation is 0 u x = .
To solve Equation (15) , by the VHPM we substitution it in Equation (14)
By comparing the coefficient of like powers of p , we have 
The other components of the VHPM can be determined in similar way. Finally, the approximate solution of Equation (15) 
Consider the following quadratic Riccati differential equation 
For the above differential equation, the exact solution [14] is previously known to be ( ) e 
Suppose that the initial approximation is 0 1 u x = + .
To solve Equation (20), by the VHPM we substitution it in Equation (14), then we get
By comparing the coefficient of like powers of p , we have :  1  1  1  1  1  49  37  1091  :  2  6  24  24  270  270  40320  247  1  45360  50400  1  5  13  23  19  3389  :  10  36  126  480  2592  302400  1  5  13  1  59  32119  :  20  72  252  120  1728 
The other components of the VHPM can be determined in similar way. Final-ly, the approximate solution of Equation (20) 
Consider the Riccati Type Painleve's First Transcendent equation [15] ( )
With initial conditions ( ) ( )
The above differential equation without known exactly solutions and we suppose that the initial approximation is 2 0
To solve Equation (25) by the VHPM, substitution it in Equation (14), then we get
In this example ( )
By comparing the coefficient of like powers of p , we have 2  6  5  1  6  1  9  2  :  2  10  5  21  35  75  8  13  1877  11  11  17  :  5  105  1680  210  35  1925  254  5775 
The other components of the VHPM can be determined in similar way. Finally, the approximate solution of Equation (25) 
Consider the Riccati Type Painleve's Second Transcendent equation [15] ( )
To solve Equation (28) by the VHPM, substitution it in Equation (14), then we get ( ) And we have ( )
The other components of the VHPM can be determined in similar way. Finally, the approximate solution of Equation (28) is
u u u u u ≈ + + + + . In Table 2 we present the comparison between the approximate solution founded by VHPM with TTS [15] , and RA [17] .
Conclusion
In this paper, we studied the solution of nonlinear Riccati differential equation. 
